M easurements of motions in the hot gas that lurks in clusters of galaxies provide insight into the level of turbulence in these objects, and into larger-scale flows that are related to a cluster's merger history and to outflows from its central supermassive black hole. The amount of turbulence affects measurements of cluster mass, which are used to constrain values of the cosmological parameters that govern our Universe. Indirect methods have been used previously to infer these gas motions, but on page 117, the Hitomi collaboration (Aharonian et al. 1 ) reports direct measurements of gas motions in the Perseus cluster using high-resolution spectra acquired by a type of detector that was unique to the Japanese Hitomi X-ray astronomical satellite; similar detectors are not available on any other active X-ray satellite. The Perseus cluster was the only cluster to be observed by Hitomi before the satellite's premature demise 2 , which means that such observations will be rare for the foreseeable future.
Clusters of galaxies are the largest gravitationally bound objects in the Universe, and are crucial probes of galaxy evolution and of cosmology. In the currently favoured lambda cold dark matter model of the Universe, structure forms in a 'bottom-up' fashion -smaller structures form first and then merge to generate larger ones. Individual galaxies and small groups of galaxies therefore form before merging into more-massive clusters.
Cosmological models vary, for example, by including different amounts of dark matter and dark energy in the Universe, and thus predict different cluster-formation histories. The observed mass distribution of clusters as a function of time over the evolution of the Universe can place constraints on these models 3, 4 . But the masses of individual clusters must be measured robustly to place these constraints with high accuracy.
Clusters of galaxies typically contain from about fifty to thousands of galaxies, along with dark matter and diffuse, hot (about 10 7 -10 8 kelvin) gas that emits X-ray radiation. One way of measuring a cluster's mass is to analyse the emission from this gas, which can be assumed to be in hydrostatic equili brium -that is, the pressure gradient of the gas in the outward direction is balanced by gravity pulling inward; this gravity depends directly on the total mass of the cluster. The gas pressure can be readily determined from measurements of gas density and temperature, which are acquired using data from existing X-ray space observatories such as the Chandra X-ray Observatory and XMM-Newton.
But turbulent motions in the gas can potentially add to the pressure, and neglecting their contribution can cause errors in mass determinations. Measuring these motions directly requires high-resolution spectroscopy of the diffuse, hot gas, which can extend across millions of light years in space. Indirect constraints on turbulent gas motions have previously been made using other methods 5, 6 , and upper limits have been set on the basis of spectroscopic measurements taken by XMMNewton 7 . The Hitomi X-ray observatory was the only active facility to carry a type of instrument called a calori meter that could precisely measure motions in the gas through changes in frequency (Doppler shifts) and broadening of emission lines in spectral data.
The Hitomi collaboration chose the Perseus
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Rare data from a lost satellite
The Hitomi astronomical satellite observed gas motions in the Perseus galaxy cluster shortly before losing contact with Earth. Its findings are invaluable to studies of cluster physics and cosmology. See Letter p.117 
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A n understanding of memory has long been a goal of neuroscience. One question that has attracted particular attention is whether there is a specific molecule that maintains memories. After almost two decades of careful work, neuroscientist Todd Sacktor and colleagues thought they had the answer. In 2006, the authors reported 1 that an atypical isoform of the enzyme protein kinase C, called PKM-ζ, was involved in maintaining memories in mice, and that an inhibitor of PKM-ζ could erase memories. The results were subsequently questioned 2, 3 , and controversy ensued. Writing in eLife, the same group that performed the 2006 study opens a new chapter in this debate 4 , arguing that PKM-ζ should be restored to its pre-eminent status as the memory molecule.
More than half a century ago, the psychologist Donald Hebb proposed that the synaptic connections between two neurons are strengthened when the neurons fire together 5 . He suggested that this form of synaptic strengthening provided the basis for the formation of long-term memories, enabling many neurons to be linked together in cell assemblies that serve as the physical substrates of memory, called engrams. It was later discovered 6 that high-frequency neural stimulation led to persistent increases in synaptic strength, known as long-term potentiation (LTP). Most neuro scientists embraced the idea that understanding LTP was the key to understanding memory 7 . The race was on to identify the molecular machinery involved in LTP.
One molecule in particular emerged from the fray. Although dozens of molecules were involved in initial synaptic strengthening following high-frequency stimulation, only PKM-ζ seemed to be crucial for maintaining these strengthened connections 8 . In PKM-ζ, therefore, the activity of a single molecule was linked to the persistence of memory. Subsequently, several experiments showed that inhibition of PKM-ζ after memory formation (for example, by using a 13-amino-acid protein fragment called ZIP, which mimics the natural substrate that inactivates PKM-ζ) led to memory erasure 1, 9 . However, enthusiasm surrounding PKM-ζ waned dramatically following the discovery that mice in which PKM-ζ had been deleted showed normal LTP and memory 2, 3 . More puzzling still, ZIP produced LTP-reversing and memory-erasing effects in mice that lacked PKM-ζ, similar to its effects in normal mice that expressed the enzyme. The amnesiac effects of ZIP, therefore, must be acting through another mechanism.
Do these results indicate that PKM-ζ is not necessary for memory? Much of the initial clamour surrounding the 2013 papers 2, 3 focused on this possibility. It seems unlikely, however, because more than one method for inhibiting PKM-ζ erases memories 9 . An alternative possibility is that PKM-ζ has an essential role in LTP maintenance and memory persistence in normal mice, but compensatory processes that are sensitive to ZIP emerge in PKM-ζ-deficient mice.
This brings us to the detective work of the current study. Tsokas et al. 4 first confirmed that ZIP reversed LTP in both normal and PKM-ζ-deficient mice, indicating that trivial procedural differences could not resolve the controversy. Next, the authors showed that induction of LTP produced an increase in PKM-ζ in slices taken from the hippocampal region of the brains of normal mice, and that there was a sustained increase in another atypical protein kinase C isoform, PKC-ι/λ, in slices from PKM-ζ-deficient mice. Moreover, injecting either PKC-ι/λ or PKM-ζ directly into hippocampal CA1 pyramidal neurons induced cluster of galaxies as an early observation target because it is the brightest X-ray-emitting cluster in the sky and has been studied extensively by other orbiting X-ray observatories, including Chandra, XMM-Newton and Suzaku 8, 9 . It therefore provides an excellent test case for measuring motions in its hot gas. It is considered to be 'relaxed' , meaning that it has not undergone a large-scale merger with another massive cluster in billions of years. The central galaxy in the cluster hosts a super massive black hole, and outflows of high-energy particles orbiting the black hole have inflated large bubbles in the cluster's diffuse gas (Fig. 1) . The goals of the study were to measure bulk velocities related to these outflows, as well as turbulence.
The main result is that the velocities of the gas are quite low, approximately 150 kilometres per second. A notable implication of this is that the additional contribution to the pressure that is associated with turbulence is constrained to be only a few per cent of the thermal pressure (the main component of the total pressure). This means that measurements of cluster mass based on X-ray observations of hot gas, assuming hydrostatic equilibrium and neglecting turbulent pressure, will have only small associated errors. This is good news for studies that use the masses as the basis for constraining cosmological parameters 4 . However, these measurements were made for only one cluster and only in the cluster's central region, and are therefore not necessarily applicable to clusters in general. In addition, the observations were made early in the mission, before all of the associated calibration procedures were available. The limitations on the available calibrations translate to an increase in the uncertainties in the measurements, particularly in the systematic errors in the line-of-sight velocities. Nevertheless, even with such uncertainties, these cluster gas velocities are the most precise yet measured.
Future missions -including the European Athena X-ray Observatory, scheduled for launch in 2028, and the possible US X-ray Surveyor mission -should allow further insight into the gas motions in clusters of galaxies. It would be useful eventually to measure velocities in a range of cluster environments, such as cluster cores and outer regions, clusters with and without bubbles that result from outflows around supermassive black holes, and clusters in various stages of mergers. The Perseus observations from Hitomi have given us an important first look at the gas motions in a galaxy cluster, but many more exciting environments and details remain to be explored. ■ 
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In search of the memory molecule
The protein PKM-ζ has been proposed to regulate the maintenance of memory in rodents, but this theory has been questioned. The finding that another isoform of the protein acts as a backup if PKM-ζ is lacking will influence this debate.
